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Abstract
Let Y ⊂ Pn be a non-degenerate curve such that for a general degree t hypersurface S of Pn,
t¿ 2, the scheme Y ∩ S does not span Pn. Here we give a lower bound for n in terms of t and
some invariants of Y .
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1. Introduction
Let Y ⊂ Pn be a closed locally Cohen–Macaulay subscheme of pure dimension
one; we will call curve any such scheme Y . Fix an integer t¿ 2. Assume that Y is
non-degenerate, i.e. assume that Pn is the linear span 〈Y 〉 of Y . We will say that the
generic t-section of Y is degenerate if for a general degree t hypersurface S ⊂ Pn
the scheme Y ∩ S does not span Pn. In this case the positive integer t-defect(Y ) :=
n−dim(〈Y ∩S〉) will be called the t-defect of Y . We will say that the generic t-section
of Y is t-degenerate if for a general degree t hypersurface S ⊂ Pn the restriction map
H 0(Pn;IY (t))→ H 0(S;IS∩Y;S(t)) is not surjective. We will say that the generic t-split
section of Y is degenerate if for a general t-ple (H1; : : : ; Ht) of hyperplanes of Pn the
scheme Y ∩ (H1 ∪ · · · ∪Ht) does not span Pn. The case t=1 was considered in several
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papers (see [6,5,1–3] and references therein). To state our results we need to introduce
a few deCnitions. Let Y ⊂ Pn be a curve. For any reduced closed curve T ⊂ Pn let
T (1) be the Crst inCnitesimal neighborhood of T in Pn, i.e. the closed subscheme of Pn
with I2T as ideal sheaf. Let Y [1] be the maximal subcurve of Y contained in (Yred)
(1),
i.e. the curve obtained from the scheme Y ∩(Yred)(1) deleting its embedded components
(if any). Hence Yred ⊆ Y [1] ⊆ Y and at each point of Yred the Zariski tangent spaces
of Y and Y [1] are the same.
Denition 1. Let Y ⊂ Pn be a curve such that 〈Yred〉 
= Pn. Choose a general
hyperplane H of Pn. For every P ∈Yred ∩H set f(Y; P) := dim(〈Z(P; Y [1])∪ Yred〉)−
dim(〈Yred〉), where Z(P; Y [1]) is the connected component of the zero-dimensional
scheme Y [1]∩H supported by P. The integer f(Y; P) is called the fattening dimension
of Y at P. Set f(Y ) := minP∈Yred∩H f(Y; P).
Notice that by semicontinuity the deCnition of the integer f(Y ) does not depend
from the choice of the general hyperplane H used to deCne it. Notice that
f(Y ) = f(Y [1]).
Denition 2. Let Y ⊂ Pn be a non-degenerate curve. We will say that Y is strongly
minimal if for every linear subspace M of Pn such that 〈Yred〉 ⊆ M 
= Pn, the
scheme Y ∩ M is the union of the scheme Y ∩ 〈Yred〉 and Cnitely many embedded
components.
Notation 1. Let Y ⊂ Pn be a curve. Set m(Y ) := dim(〈Yred〉). Fix a general hyperplane
H of Pn. Let (Y ) be the maximal integer x such that Yred ∩ H contains x linearly
independent points.
Remark 1. Let Y ⊂ Pn be a curve. We have (Yred) = (Y )6m(Y ) = m(Yred). We
have (Y ) = m(Y ) if Yred is connected.
Now we can state our main result.
Theorem 1. Fix an integer t¿ 2. Let Y ⊂ Pn be a strongly minimal curve such that
its generic t-split section is degenerate. Then n¿m(Y )+t(Y )f(Y ). Furthermore, for
a general degree t hypersurface S ⊂ Pn and a general union E ⊂ Pn of t hyperplanes
we have dim(〈S ∩ Y 〉)¿m(Y ) + t(Y )f(Y ) and dim(〈E ∩ Y 〉)¿m(Y ) + t(Y )f(Y ).
In Section 2 we give a few easy remarks concerning the restriction map
H 0(Pn;IY (t)) → H 0(S;IS∩Y;S(t)), where Y ⊂ Pn is a curve and S ⊂ Pn is a
degree t hypersurface such that S∩Yred is Cnite. Some of these remarks will be used to
give a proof of Theorem 1 at the end of Section 2. These remarks give a link between
curves with t-degenerate and degenerate general degree t hypersurface sections and the
cohomology groups h1(Pn;IY (x)) for negative x (see in particular Remarks 6 and 7
and Corollary 1). Then we prove Theorem 1. In Section 3 we consider linearly normal
space curves whose generic 2-section is 2-degenerate.
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2. General remarks and proof of Theorem 1
We work over an algebraically closed Celd K . Let R=K[x0; : : : ; xn]=
⊕
t¿0 Rt be the
graded ring of Pn. Hence Rt is the K-vector space of all degree t homogeneous polyno-
mials in n+1 variables. For any curve Y ⊂ Pn set H 1∗;¡0(Y ) :=
⊕
x¡0 H
1(Pn;IY (x))
and H 1∗;60(Y ) :=
⊕
x60 H
1(Pn;IY (x)). Our starting point for this paper was the study
of the R-modules H 1∗;¡0(Y ) and H
1
∗;60(Y ). However, as far as we know the only link-
age between the two problems is given by a few simple observations (see Remarks
5–7, Propositions 1–3 and Corollary 1).
The following example shows that sometimes the inequalities in the statement of
Theorem 1 are sharp.
Example 1. For every integer n¿ 3 it is very easy to construct double lines Y ⊂
Pn with Y spanning Pn (see for instance [1], Example 1.6). For a general degree t
hypersurface S ⊂ Pn the scheme Y ∩ S is formed by t double points whose support is
contained in the line Yred. Hence if n¿ t + 2 the generic t-section of Y is degenerate.
We have m(Y ) = (Y ) = f(Y ) = 1.
Remark 2. Fix integers t, u such that t ¿u¿ 1 and a non-degenerate curve Y ⊂
Pn such that its generic t-section is degenerate. By semicontinuity and the fact that
the union of a general degree u hypersurface and t − u hyperplanes is a degree t
hypersurface, we obtain that the generic u-section of Y is degenerate. In particular the
generic hyperplane section of Y is degenerate. Taking u=0 the same proof shows that
the generic t-split section of Y is degenerate.
Remark 3. Fix an integer t¿ 2 and a non-degenerate curve Y ⊂ Pn such that its
generic t-section is t-degenerate. Take t general hyperplanes H1; : : : ; Ht and set S :=
H1∪· · ·∪Ht . By semicontinuity the restriction map H 0(Pn;IY (t))→ H 0(S;IS∩Y;S(t))
is not surjective. Hence h0(S;IS∩Y;S(t)) 
= 0. Since S = H1 ∪ · · · ∪ Ht , this implies
h0(H;IH∩Y;H (t)) 
= 0 for a general hyperplane H of Pn.
Remark 4. Let Y ⊂ Pn be a non-degenerate curve and S ⊂ Pn a general hypersurface
of degree t¿ 2. Hence Y ∩S is a zero-dimensional scheme and we have the following
exact sequence on Pn:
0→ IY (x − t)→ IY (x)→ IY∩S;S(x)→ 0: (1)
By (1) for x = 1 we obtain that if the generic t-section of Y is degenerate, then
h1(Pn;IY (1− t)) 
= 0, i.e. h0(Y;OY (1− t)) 
= 0. Hence if the generic t-section of Y is
degenerate, then Y must have a multiple component. The same proof works if we only
assume that the general t-split section of Y is degenerate. Now assume only that the
generic t-section of Y is t-degenerate. By (1) for x= t we obtain h1(Pn;IY ) 
= 0, i.e.
h0(Y;OY )¿ 2. Thus Y cannot be an integral curve. Now assume only that the generic
t-split section of Y is t-degenerate. Take as S ⊂ Pn a general union of t hyperplanes.
In the same way we obtain h0(Y;OY )¿ 2 and that Y is not an integral curve.
246 E. Ballico / Journal of Pure and Applied Algebra 180 (2003) 243–250
Remark 5. Let Y ⊂ Pn be a curve such that h0(Y;OY )¿ 2, i.e. such that h1(Pn;IY ) 
=
0. Fix an integer t ¿ 0 such that h1(Pn;IY (t))=0. By (1) for x=t the generic t-section
of Y is t-degenerate. Thus for every curve Y ⊂ Pn such that h0(Y;OY )¿ 2 there is
an integer t(Y ) such that for every integer t¿ t(Y ) the generic t-section of Y is
t-degenerate. Hence the property of being t-degenerate is rather weak for curves with
h0(Y;OY )¿ 2 unless one requires that t is very small.
Remark 6. Let Y ⊂ Pn be a curve. If h0(Y;OY ) = 1 we do not deCne the integer
(Y ). Now assume h0(Y;OY )¿ 2. Set (Y ) := min{t ∈Z; t ¡ 0 and h1(Pn;IY (t)) 
=
0}. The integer (Y ) is deCned because Y is locally Cohen–Macaulay and hence
h0(Pn;IY (x)) = 0 for x0. If Y is reduced and disconnected, then (Y ) = 0. We
have h1(Pn;IY ) = h0(Y;OY ) − 1 and h1(Pn;IY (y)) = h0(Y;OY (y)) if y¡ 0. Fix an
integer t ¿ 0 and let f be a degree t homogeneous form such that the hypersur-
face S := {f = 0} ⊂ Pn contains no irreducible component of Yred. Hence the map
OY (x − t) → OY (x) induced by the multiplication by f is injective. Hence for every
integer x¡ 0 the multiplication by f induces an injective map H 1(Pn;IY (x − t)) →
H 1(Pn;IY (x)). Taking t = 1 and two general linear forms instead of just one linear
form we also obtain h1(Pn;IY (y−1))¡h1(Pn;IY (y)) for all integers y¡ 0 such that
h1(Pn;IY (y)) 
= 0. We saw in Remark 5 that if (Y ) = 0, then the generic t-section
and the generic t-split section of Y are t-degenerate.
Proposition 1. Let Y ⊂ Pn be a curve such that h0(Y;OY )¿ 2. Fix positive integers
x, t such that h1(Pn;IY (x)) = 0 and (Y )6 x − t6 0. Let S be a degree t hyper-
surface such that S ∩ Yred is 5nite. Then the restriction map  :H 0(Pn;IY (x)) →
H 0(S;IS∩Y;S(x)) is not surjective and dim(Coker()) = h1(Pn;IY (x − t)).
Proof. Since (Y )6 x − t6 0 and h0(Y;OY )¿ 2, we have h1(Pn;IY (x − t)) 
= 0.
Apply the exact sequence (1).
Taking x=1 in the statement of Proposition 1 we obtain the following result which
covers all linearly normal embeddings of any curve Y such that h0(Y;OY )¿ 2.
Corollary 1. Let Y ⊂ Pn be a curve such that h0(Y;OY )¿ 2 and h1(Pn;IY (1)) = 0.
Then the general (1− (Y ))-section of Y and the general (1− (Y ))-split section of
Y are degenerate.
Proposition 2. Let Y ⊂ Pn be a curve such that h0(Y;OY )¿ 2 and (Y )¡ 0. Assume
that every irreducible component of Yred spans Pn. Then for every integer x such that
(Y )6 x¡ 0 we have h1(Pn;IY (x + 1))¿ h1(Pn;IY (x)) + n.
Proof. Since Y has no embedded component, no non-zero section of H 0(Y;OY (y)) is
supported by Cnitely many points. Hence the assumption on Yred implies that for all
integers y the multiplication map (Y; y; 1) :H 0(Y;OY (y)) ⊗ R1 → H 0(Y;OY (y + 1))
is separately injective in each variable. Since dim(R1) = n+ 1, a lemma of Segre and
Hopf and the previous sentence for y = x implies the result.
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Proposition 3. Let Y ⊂ Pn be a curve such that h0(Y;OY )¿ 2 and (Y )6 − 3. Fix
integers u, x such that x¿ (Y ), u¿ 2 and x + u¡ 0. Assume that no irreducible
component of Yred is contained in a hypersurface of degree u. Then h1(Pn;IY (x +
u))¿ h1(Pn;IY (x)) +
( n+u
n
)− 1.
Proof. We have dim(Ru) =
( n+u
u
)
. By assumption the multiplication map (Y; y; u) :
H 0(Y;OY (y))⊗ Ru → H 0(Y;OY (y+ u)) is separately injective in each variable. Hence
we conclude as in the proof of Proposition 2.
Remark 7. Let Y ⊂ Pn be a curve such that h0(Y;OY )¿ 2 and (Y )¡ 0. Let m be
the minimal dimension of a linear subspace of Pn containing an irreducible component
of Yred. Fix a general linear subspace V ⊂ Pn with dim(V ) = n − m − 1. Since Yred
has only Cnitely many irreducible components and V is general, the set H ∩ Yred is
Cnite for every hyperplane H containing V . Apply the proof of Proposition 2 taking
H 0(Pn;IV (1)) instead of R1. We obtain h1(Pn;IY (x+1))¿ h1(Pn;IY (x))+m for ev-
ery integer x such that (Y )6 x¡ 0. In particular h1(Pn;IY (x+1))¿ h1(Pn;IY (x))+
2 if h1(Pn;IY (x)) 
= 0, unless Yred contains a line. There are several papers con-
taining results on the behavior of the groups h1(Pn;IY (x)) for negative integer x
[4,5,8,10]. In [10] and [8] there are several interesting examples of curves Y with
h1(Pn;IY (x + 1)) = h1(Pn;IY (x)) + 1¿ 2 for some negative integer x. Here we
understand why in all such examples Yred contains a line.
Obviously, as in Remark 7 one can extend Proposition 3 to the case of a non-
complete linear system M of degree u hypersurfaces such that S ∩ Yred is Cnite for
every S ∈M .
Proof of Theorem 1. Fix t general hyperplanes H1; : : : ; Ht and points Pi;j ∈Yred ∩ Hi,
16 i6 t, 16 j6 (Y ), such that for every i the points Pi;j, 16 j6 (Y ), are linearly
independent. This is possible by the very deCnition of the integer (Y ) and the gen-
erality of the plane Hi. Fix a zero-dimensional scheme Zi; j such that (Zi; j)red = {Pi;j},
Zi; j ⊆ Y [1] ∩ Hi and deg(Zi; j) = f(Y ) + 1. Notice that f(Y )6f(Y; Pi; j) and that
for every zero-dimensional subscheme W of Y [1] ∩ Hi with Wred = {Pi;j} we have
deg(W )6f(Y; Pi; j) and dim(〈W 〉) = deg(W )− 1. Since the general t-split section of
Y does not span Pn (Remark 2), to prove all the assertions of Theorem 1 it is suIcient
to prove that the union of 〈Yred〉 and the schemes Zi; j, 16 i6 t, 16 j6 (Y ), spans
a linear space of dimension m(Y ) +
∑
i; j dim(〈Zi; j〉) (the maximal dimension a pri-
ori possible because 〈Yred〉 ∩ 〈Zi; j〉= {Pi;j}). We use double induction on the integers
i, j. We Cx the pair (i; j) and we assume that the linear span M of 〈Yred〉 and all
linear spaces 〈Zu;v〉 with u¡ i or u = i and v¡ j has the maximal a priori possible
dimension m(Y ) +
∑
u;v dim(〈Zu;v〉). M is a proper subspace of Pn because the gen-
eral t-split section of Y is degenerate. In order to obtain a contradiction we assume
dim(〈M ∪ Zi; j〉)¡ dim(M) + f(Y ), i.e. M ∩ 〈Zi; j〉 
= {Pi;j}. We Cx the hyperplanes
Hu, u¡ i, but we move Hi among the hyperplanes containing Pi;w for all w6 j. We
obtain that M ∩ Y contains a zero-dimensional scheme with Pi;j as support and not
contained in 〈Yred〉. Call D the irreducible component of Yred containing P; it is unique
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by the generality of the hyperplane Hi. We move Pi;j in D, i.e. we move Hi among
all hyperplanes containing Pi;v for all v¡ j. We obtain that Y ∩M contains an unre-
duced curve with D as support and not contained in 〈Yred〉, contradicting the strong
minimality of Y .
Remark 8. Let Y ⊂ Pn be a curve such that Yred is reducible. For every irreducible
component D of Yred let Y (D) be the maximal subcurve of Y such that Y (D)red = D.
Using all the integers f(Y (D)) one can easily improve the statement of Theorem 1
when Yred is reducible, but the corresponding statement is very messy if there is an
irreducible component D of Yred with 〈D〉 
= 〈Yred〉.
3. Space curves whose generic 2-section is 2-degenerate
In this section we study linearly normal curves Y ⊂ P3 with 2-degenerate generic
degree 2 hypersurface section.
Remark 9. Let Y ⊂ P3 be a curve such that deg(Y )6 4. For a general quadric
surface S ⊂ P3 we have deg(Y ∩ S)6 8 and hence h0(P3;IY∩S(2))¿ 2. Thus if
h0(P3;IY (2))6 1, then the generic 2-section of Y is 2-degenerate. For any integer x
with 26 x6 4 it is very easy to construct degree x curves Y (obviously non-integral)
such that h0(P3;IY (2))6 1. The classiCcation of all such curves is easy but very long.
For the classiCcation of all triple lines, see [9], Section 2.
Remark 10. Let Y ⊂ Pn be a curve such that H 1(Pn;IY (1)) = 0, i.e. such that Y is
linearly normal in its linear span 〈Y 〉. Let H ⊂ Pn be a general hyperplane. From the
exact sequence
0→ IY (1)→ IY (2)→ IY∩H;H (2)→ 0 (2)
we obtain the surjectivity of the restriction map H 0(Pn;IY (2))→ H 0(H;IY∩H;H (2)).
Remark 11. Take Y as in Remark 10. Assume that the generic 2-section of Y is
2-degenerate. By Remarks 3 and 10 we have H 0(Pn;IY (2)) 
= 0.
Proposition 4. Let Y ⊂ P3 be a non-degenerate linearly normal curve whose generic
2-section is 2-degenerate. Then deg(Y )6 4.
Proof. Assume deg(Y )¿ 5. Let M ⊂ P3 be a general plane. By Remark 3 we
have h0(M;IM∩Y (2)) 
= 0. By Remark 11 Y is contained in at least one quadric
surface, F . Let S ⊂ P3 be a general quadric. Since the generic 2-section of Y is
2-generic and S is general, we have h0(S;IY∩S;S(2))¿ h0(P3;IY (2)) + 1¿ 2. Hence
h0(P3;IY∩S(2))¿ 3. By the Koszul complex of the homogeneous equations of F and
S we obtain h0(P3;IF∩S(2)) = 2. Hence to obtain a contradiction it is suIcient to
show that if deg(Y )¿ 5, then h0(P3;IY∩S(2)) = h0(P3;IF∩S(2)).
(i) First assume F integral. Hence F has at most one singular point. Hence the
scheme F∩S is a smooth curve of type (2; 2) on S ∼= P1×P1. Since F∩S is a smooth
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elliptic curve and the zero-dimensional scheme Y ∩S has degree 2(deg(Y ))¿ 8, every
quadric surface containing Y ∩ S contains F ∩ S, contradiction.
(ii) Now assume that F is the union of two diLerent planes, say F = A ∪ B. Hence
the subscheme S ∩ F of S is the union of two smooth curves A ∩ S and B ∩ S of
type (1; 1). Let a (resp. b) be the degree of the one-dimensional part of the scheme
A ∩ Y (resp. B ∩ Y ). Hence a + b¿ 2(deg(Y )) and a + b = 2(deg(Y )) if and only
if Y does not contain the line A ∩ B. Without loosing generality we may assume
a¿ b. We have b¿ 0 because Y spans P3 and it has no embedded point. The scheme
Y ∩ A ∩ S (resp. Y ∩ B ∩ S) is a zero-dimensional scheme of length 2a (resp. 2b).
By the generality of S the curves A ∩ S and B ∩ S are smooth conics. First assume
b¿ 3. The inequality a¿ 3 (resp. b¿ 3) implies that any quadric surface containing
Y ∩ A ∩ S (resp. Y ∩ B ∩ S) contains A ∩ S (resp. B ∩ S). Since Y ⊂ F = A ∪ B, this
implies h0(P3;IY∩S(2)) = h0(P3;IF∩S(2)), contradiction. Now assume b = 1. Since
A does not contain Y , this implies that Y ∩ B is the union of a line R 
= A ∩ B and
(perhaps) a zero-dimensional scheme. Let G be the one-dimensional part of Y ∩ A.
Hence Y = G ∪ R. Since deg(G) = deg(Y ) − 1¿ 2, every quadric surface containing
Y contains A. Thus a quadric surface T contains Y if and only if T = A ∪ E with
E a plane containing R. Hence h0(P3;IY (2)) = 2. Hence h0(S;IY∩S(2))¿ 3 by our
assumption on Y . Since every curve of type (2; 2) on S containing Y ∩S contains A∩S,
we have h0(S;IY∩S(2))6 h0(S;IR∩S(1))=2, contradiction. Now assume b=2. Since
deg(Y )¿ 5, we have a¿ 3. Thus h0(S;IY∩S(2))6 h0(S;I(Y∩(B\A∩B))∩S(1)). The line
A ∩ B may occur in the scheme Y ∩ B with multiplicity m∈{0; 1; 2}. If m = 1 we
conclude exactly as in the case b = 1. Now assume b = 2 and m = 0. Hence Y ∩ B
is (outside its embedded components) a plane conic E not containing the line A ∩ B.
We have h0(S;IE∩S(1))=1 and hence h0(S;IY∩S(2))6 1, contradiction. Now assume
b= m= 2. Call G ⊂ P3 the quadric surface with Gred = A, i.e. the double plane with
A as support. We have G 
= F . By assumption, Y ∩ B is, outside Cnitely many points,
contained in G. Hence Y is, outside Cnitely many points, contained in G. Since Y has
no embedded component, then Y ⊂ G. Thus h0(P3;IY (2))¿ 2 and we conclude as in
the case b= 1.
(iii) Now assume that F is a double plane. Set H := Fred. We follow [7, pp. 5658–
5659]. The scheme-theoretic intersection Y ∩H is a one-dimensional scheme, possibly
with embedded components. Let C be the one-dimensional part of the scheme Y ∩H .
There is a curve T ⊂ Y such that the residual scheme of Y inside F with respect to
C is the union of T plus some embedded components; with the notation of [7, Propo-
sition 2.1], we would write P for C and Y for T , while we would call Z ⊂ T the
zero-dimensional locally intersection subscheme of H such that IY∩H;H =IZ;H (−C)
(our notation) or IT∩H;H =IZ;H (−P) (notation of [7, p. 5658]). Set p := deg(C) and
y := deg(T ). We have T ⊆ C (and hence Yred =Cred), y+p=deg(Y ) and p¿y ([7,
Proposition 2.1]). Since Y has no embedded component and spans P3, we have y¿ 0.
Since deg(Y )¿ 5, we have p¿ 3. Hence every curve of type (2; 2) on S containing
Y ∩ S contains H ∩ S. Thus if y¿ 2 we obtain h0(S;IY∩S(2))6 h0(S;IT∩S(1))6 1,
contradiction. Now assume y=1. Since h0(Y;OY )¿ 2 (Remark 4), Y is not arithmeti-
cally Cohen–Macaulay. Hence by [7, Remark 2.2], we have Z 
= ∅. Since p¿ 2, this
implies H 1(H;IZ;H (1 − p)) 
= 0. Since y = 1, T is a line and hence h1(T;OT ) = 0.
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Thus by the exact sequence in [7, Remark 2.2], we obtain h1(P3;IY (1))= h1(H;IZ;H
(1− p)) 
= 0, contradicting the linear normality of Y .
Acknowledgements
The author was partially supported by MURST and GNSAGA of INdAM (Italy).
References
[1] E. Ballico, N. Chiarli, S. Greco, Projective schemes with degenerate general hyperplane section, BeitrMage
Algebra Geom. 40 (1999) 565–576.
[2] E. Ballico, N. Chiarli, S. Greco, Linearly normal curves with degenerate general hyperplane section,
Hiroshima Math. J. 32 (2002) 217–228.
[3] E. Ballico, N. Chiarli, S. Greco, Projective schemes with degenerate general hyperplane section II,
preprint.
[4] M. Broadmann, U. Nagel, Bounding cohomological Hilbert functions by hyperplane sections, J. Algebra
174 (1995) 323–348.
[5] N. Chiarli, S. Greco, U. Nagel, On the genus and Hartshorne-Rao module of projective curves, Math.
Z. 229 (1998) 695–724.
[6] R. Harshorne, The genus of space curves, Ann. Univ. Ferrara—Sez VII—Sc. Mat. 40 (1994) 207–223.
[7] R. Hartshorne, E. Schlesinger, Curves in the double plane, Comm. Algebra 28 (2000) 5655–5676.
[8] U. Nagel, Non-degenerate curve with maximal Hartshorne-Rao module, preprint.
[9] S. Nollet, The Hilbert schemes of degree three curves, Ann. Scient. OEc. Norm. Sup. 30 (1997) 367–
384.
[10] R. Notari, M.L. SpreaCco, On curves of Pn with extremal Hartshorne-Rao module in positive degrees,
J. Pure Appl. Algebra 156 (2001) 95–114.
